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2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]In an anode, in an electrical double layer capacitor using a nonaqueous 
electolyte, rest potential in inside of this electrolysis solution makes Li/Li + a counter 
electrode, It is a polarizable electrode which consists of a carbonaceous material which is 
less than more than 0.5V2.6V, An electrical double layer capacitor consisting of at least 
one or more substances in which an alloy and a lithium ion in which a negative electrode 
contains metal lithium and lithium are chosen from a substance which carried out 
occlusion of the lithium ion to occlusion and a substance from which it can be desorbed 
beforehand reversibly. 

[Claim 2] The electrical double layer capacitor according to claim 1 which is that in which 
a nonaqueous electolyte contains 0.3-2.7 mol/L of lithium salt. 

[Claim 3]2 is [ claim 1 to which rest potential is adjusted, or ] an electrical double layer 
capacitor of a statement either by containing one or more substances chosen as a 
polarizable electrode object of an anode from an alkaline metal, alkaline-earth metals, 
and a rare earth metal. [Claim 4] 2 is [ claim 1 to which rest potential is adjusted, or ] an 
electrical double layer capacitor of a statement either by containing lithium on a 
polarizable electrode object of an anode. [Claim 5]Claims 1 thru/or 4 whose substances 
from which it can be desorbed are occlusion and are carbonaceous materials are [ this 
lithium ion ] the electrical double layer capacitors of a statement either reversibly. 
[Claim 6] A lithium ion used for a negative electrode reversibly an occlusion amount of a 
lithium ion in occlusion and a substance from which it can be desorbed a [coulomb/g], 
Quantity of electricity which is a product of b [coulomb/g], and unipolar electric capacity 
[F] of an anode and potential difference [V] after charge and discharge about an 
occlusion amount of the greatest lithium ion of this substance c [coulomb/g], And claims 
1 thru/or 5 when setting to d [coulomb] the amount of lithium ions which carried out 
occlusion beforehand into an electrode body of a negative electrode, wherein ratio a/b is 
0.99 or less [ 0.20 or more ] and ratio c/d is 0.70 or less [0.10 or more ] are the electrical 
double layer capacitors of a statement either. 

[Claim 7] Claims 1 thru/or 6, wherein a carbonaceous material used with an anode is 
activated carbon are the electrical double layer capacitors of a statement either. 
[Claim 8] The electrical double layer capacitor according to claim 7, wherein activated 
carbon used with an anode is obtained by heat-treating a carbonaceous material in KOH 
fused salt. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Withstand voltage and the energy density of this invention are 
large, and it relates to the electrical double layer capacitor excellent in endurance. 
[0002] 

[Description of the Prior Art]The electrical double layer capacitor which can carry out 
charge and discharge in a high current is promising for uses, such as an electromobile and 
auxiliary power. Therefore, an energy density is high, rapid charge and discharge are 
possible, and realization of the electrical double layer capacitor excellent in the 
endurance at the time of high voltage impression and charge-and-discharge cycle 
durability is desired. The energy accumulated in the cell of a capacitor is computed by 
1/2, and C-V 2 , C is the electric capacity per cell (F), and V is voltage (V) which can be 
impressed to a cell, since the square of the value is reflected in energy, the voltage V 
which can be impressed increases the voltage (withstand voltage) impressed to a 
capacitor to improvement in an energy density, although it is effective, On big voltage, 
when disassembly of an electrolysis solution took place, there was a problem of the 
increase in internal resistance and a fall in a short time of electric capacity. Since the 
actual condition is that the withstand voltage is in 2.5V in an electrical double layer 
capacitor, and the driver voltage of a semiconductor circuit is about 3.3v when using an 
electrical double layer capacitor as a memory backup power supply, Two or more single 
cells had to be used for series, having connected them, and to enlarge withstand voltage 
per single cell was desired strongly. 

[0003]In the electrical double layer capacitor using the nonaqueous electolyte which uses 
until now the polarizable electrode which makes activated carbon a subject for both an 
anode and a negative electrode, it is tried that you examine the electrode by the side of 
positive/negative, a separator, an electrolysis solution, a container, etc. in detail, and the 
withstand voltage per single cell makes it increase. For example, the method of heat- 
treating the electrode using the activated carbon produced by carrying out KOH 
activation of phenol resin, the petroleum coke, etc. in an inert atmosphere, and raising 



endurance, As a result of selecting a raw material, in the case of phenol resin, fiiran resin, 
and polyacrylonitrile resin, endurance improved slightly (JP,8-162375,A), In the 
technique (JP,8-339941,A) and JP,9-205041,A which use porosity aluminum for the 
charge collector of a capacitor, and plan durability enhancement. Although the capacitor 
etc. which used as the anode what the charge collector of stainless steel textiles combined 
with the polarizable electrode material which contains activated carbon powder in an 
electrolysis solution by the improvement in withstand voltage using the electrolysis 
solution which makes 2-methyl sulfolane the subject of a solvent, and JP,9-23219,A by 
the mixture state are proposed, Such electrical double layer capacitor withstand voltage 
was about 2. 5-3. 3 V, and was insufficient. 

[0004] On the other hand, as the technique of carrying out withstand voltage more than 
3.5V, in JP,8~ 107048, A. The polarizable electrode in which an anode makes activated 
carbon a subject in the electrical double layer capacitor using a nonaqueous electolyte, 
The electrical double layer capacitor from which withstand voltage is set to about 4 v is 
proposed by considering it as the electrode which makes a subject the carbonaceous 
material which carried out occlusion of the lithium to occlusion and the carbon material 
from which it can secede beforehand with the chemical method or the electrochemical 
technique where lithium is ionized for a negative electrode. Two kinds of electrodes are 
used for this capacitor, and adsorption or the ion which carries out occlusion is limited, 
respectively. That is, an anode is a polarizable electrode, and an anion is adsorbed and is 
desorbed, and a negative electrode is a nonpolarizable electrode and can carry out 
occlusion and desorption only of the lithium ion. since the potential by the side of the 
negative electrode of this capacitor serves as potential regions (0.05V - 0.20V pair Li/Li*) 
near metal lithium — before charge — already — between an anode (polarizable electrode) 
and negative electrodes — about — the potential difference of 3 V exists. Therefore, when 
it charges to near the decomposition voltage of an electrolysis solution, the potential 
difference of positive and negative poles is set to 4.3 V, and this potential difference 
serves as withstand voltage (about 4V) of this capacitor. Since a negative electrode is a 
nonpolarizable electrode, the electric capacity C (F) per cell becomes twice [ about ] the 
capacitor which used the polarizable electrode for the conventional two poles. 
[0005] 

[The issue which is going to solve an invention] However, the method of JP,8-107048,A 
was insufficient to the endurance at the time of high-energy-density-izing and high 
voltage impression, and charge-and-discharge cycle durability, although withstand 
voltage was high. Although the electric capacity C [F] at the time of computing the 
above-mentioned energy density (E=l/2, andC-V 2 ) becomes twice [ about ] at the time of 
using a polarizable electrode for two poles, the voltage V which can be impressed 
corresponds to the electrical change charge before (about 3V pair Li/Li*) of an anode, and 
after charge (about 4.3V pair Li/Li + ) - about - since it is set to 1.3V, it becomes 1/2 or 
less [ in the case of the capacitor which used the polarizable electrode for two poles ]. 
Therefore, although based also on the potential of discharge of a capacitor, in the 
capacitor of JP,8- 107048, A, the energy density becomes equivalent or less than it from 
the case of the capacitor which used the polarizable electrode for the conventional two 
poles. 

[0006] Although it is possible to also make an energy density increase by discharging 
below to the rest potential (about 3V) of an anode, the capacitor of JP,8-107048,A, Since 



it will work as a cell and an oxidation-reduction reaction follows rather than working as a 
capacitor, there is a problem in endurance, discharge current density, etc., and it is not 
desirable at below the rest potential of an anode. That is, in the case of the electrical 
double layer capacitor to which the anode used the polarizable electrode and negative 
electrode which make activated carbon a subject as the nonpolarizable electrode using 
occlusion, the carbon material from which it can secede, etc. where lithium is ionized, it 
is preferred to increase the voltage V which can be impressed. 
[0007] 

[Means for Solving the Problem]Then, in an electrical double layer capacitor using a 
nonaqueous electolyte as a result of inquiring wholeheartedly that this invention persons 
should examine the above-mentioned technical problem, By making the voltage V which 
can be impressed increase to a positive electrode body using what has rest potential lower 
than the usual carbonaceous material (about 3 V pair Li/Li + ) in inside of this electrolysis 
solution, it found out that an electrical double layer capacitor excellent in high energy 
density and endurance was obtained, and this invention was reached. Namely, withstand 
voltage is about 4v and the purpose of this invention is excellent in endurance and 
charge-and-discharge endurance at the time of high voltage impression, And are an 
electrical double layer capacitor with a large energy density in providing, and this 
purpose, An anode in an electrical double layer capacitor using a nonaqueous electolyte 
rest potential in inside of this electrolysis solution, When Li/Li + is made into a counter 
electrode, it is a polarizable electrode which consists of a carbonaceous material which is 
less than more than 0.5 V2.6V, It is easily attained by considering it as at least one or 
more substances in which an alloy and a lithium ion in which a negative electrode 
contains metal lithium and lithium are chosen from a substance which carried out 
occlusion of the lithium ion to occlusion and a substance from which it can be desorbed 
beforehand reversibly. 
[0008] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. When, as 
for the greatest feature of this invention, the rest potential in the inside of this electrolysis 
solution makes Li/Li + a counter electrode in an anode, It is a polarizable electrode which 
consists of a carbonaceous material which is less than more than 0.5V2.6V, By 
considering it as at least one or more substances in which the alloy and lithium ion in 
which a negative electrode contains metal lithium and lithium are chosen from the 
substance which carried out occlusion of the lithium ion to occlusion and the substance 
from which it can be desorbed beforehand reversibly, An energy density, the endurance 
at the time of high voltage impression, and charge-and-discharge endurance are at the 
point improved substantially. 

[0009]In the electrical double layer capacitor for which this invention specifically used 
the nonaqueous electolyte, An anode is a polarizable electrode which consists of a 
carbonaceous material which is less than more than 0.5V2.6V when the rest potential in 
the inside of this electrolysis solution makes Li/Li + a counter electrode, and the 
carbonaceous material makes activated carbon a subject preferably. As a method of 
lowering the rest potential in this electrolysis solution of the carbonaceous material of an 
anode, it is good in this electrode body to make an alkaline metal, alkaline-earth metals, 
or rare earth metals, such as lithium, contain. At least one or more substances in which 
the alloy and lithium ion containing lithium, such as metal lithium, a lithium aluminum 



alloy, and a Wood metal containing lithium, are chosen from the substance which carried 
out occlusion of the lithium ion to occlusion and the substance from which it can be 
desorbed beforehand reversibly are used for a negative electrode. In particular, a lithium 
ion is reversibly preferred for carbonaceous materials, such as black lead, a resinous coal 
ghost, and a pitch coal ghost, as occlusion and a substance from which it can be desorbed. 
The thing containing lithium salt is used for the nonaqueous electolyte used for this 
capacitor. 

[00 10] When the voltage of 4.3V is impressed to a capacitor, for example by adjusting the 
rest potential before charge of an anode to 0.5V-2.6V (pair Li/Li + ), the above-mentioned 
voltage V which can be impressed. It becomes the 1.7V - 2.8V neighborhood, and since it 
increases from the case (about 1.3 V) where rest potential is not adjusted, the energy 
density increases substantially. That is, since an energy density is proportional to the 
square of the voltage which can be impressed (1.7), it can be made into 2 /(1.3) 2 **4.6 
time from 2 /(1.3) 2 **1.7 time (2.6). By lowering the potential after charge of an anode for 
a while, and making it into the 4.0 - 4.2V neighborhood from the decomposition potential 
(4.3V - 4.5V pair Li/Li + ) of an electrolysis solution, Although an energy density falls a 
little, the endurance and charge-and-discharge endurance at the time of the high voltage 
impression by decomposition control of an electrolysis solution are substantially 
improvable. 

[001 l]Measurement of the rest potential of the carbonaceous electrodes of the anode in 
this invention is performed using the usual electrochemical technique. It is silver actually 
a potential standard [ like the standard hydrogen electrode in solution ] whose potential 
measurement in a non-drainage system is, although it does not define strictly. - Generally 
it is widely carried out using electrodes, such as a silver silver chloride electrode, a 
platinum electrode, and a lithium electrode. Also in this invention, it is measurable with 
the same method. 

[0012]Only by the carbonaceous material used for the polarizable electrode object of the 
anode used by this invention, since rest potential does not become a range not more than 
more than 0.5V2.6V (pair Li/Li + ), a certain regulation is needed. Although the technique 
in particular of adjusting the rest potential of carbonaceous electrodes to less than more 
than 0.5V2.6V (pair Li/Li + ) is not limited, It is preferred to add at least one or more 
substances chosen from an alkaline metal, alkaline-earth metals, and a rare earth metal to 
an electrode body with an electrochemical technique, a chemical method, physical means, 
etc. For example, when lithium is chosen from an alkaline metal as one of the simple 
methods, In the electrochemical cell which comprises a lithium content electrode which 
consists of a substance containing metal lithium or lithium, an electrode which is mainly 
concerned with a carbonaceous material, a separator, and a nonaqueous electolyte, 
Lithium can be easily introduced into carbonaceous electrodes by charging [ a lithium 
content electrode and carbonaceous electrodes ] a counter electrode and carbonaceous 
electrodes for a short circuit or a lithium content electrode as a working pole. Since the 
introduced lithium does not flow out when used as a capacitor, it can be used repeatedly. 
Especially as a substance containing lithium, although it does not limit. For example, 
black lead, the carbide of resin, the pitch coal ghost, coal tar carbide containing lithium, 
The alloy containing lithium, such as carbon, such as activated carbon, metal lithium, a 
lithium aluminum alloy, and a lithium Magnesium alloy, The compound between lithium 
metals, the manganic acid ghost containing lithium, a cobalt oxide, It is preferred to use 



at least one or more substances chosen from cull KOGENAITO containing multiple 
oxides, such as a nickel oxide and a vanadium oxide, and lithium, such as a titanium 
sulfide, niobium selenide, and a molybdenum sulfide. As metal with **** potential, in 
addition to lithium, alkaline metals, such as sodium and potassium, The substance 
containing rare earth metals or these metal, such as alkaline-earth metals, such as calcium 
and magnesium, yttrium, and neodium, may be used as a substance which lowers rest 
potential like the case of lithium. If electrode potential is lowered too much and it is made 
less than [ 0.5V ], the decomposition by the side of reduction of an electrolysis solution 
may take place, an energy density and endurance may fall, and it is not desirable. The 
lithium content in the carbonaceous electrodes which introduced lithium 
electrochemically and as for which more than 0.5 V adjusted rest potential to less than 
2.6V (pair Li/Li"**), Although it cannot generally say according to the crystal structure of 
carbonaceous, specific surface area, a surface disposition, etc., it is 0.01 % of the weight - 
3 % of the weight, and a minute amount, and it may be said that the decomposition 
reaction of the electrolysis solution by existence of this lithium does not occur 
substantially. 

[0013]In an anode, as for the carbonaceous before adjusting rest potential, in order to use 
an electrical double layer capacitor as large scale, it is preferred to use activated carbon. 
Since bulk density will fall and an energy density will fall if the specific surface area of 
activated carbon is too large, 300-3000 m 2 /g of the specific surface area determined with 
the BET adsorption method by a nitrogen absorption method is 3 00-23 00m 2 /g desirable 
still more preferably, as the raw material of activated carbon — the wood of a vegetable 
system, and ** — deep — **, coconut husks, and pulping waste liquor. Coal of a fossil 
fuel system, petroleum heavy oil or the coal that carried out the pyrolysis of them, and a 
petroleum system pitch, Petroleum coke, carbon aerogel, the textiles that carried out 
spinning of the tar pitch, synthetic macromolecule, phenol resin, furan resin, polyvinyl 
chloride resin, polyvinylidene chloride resin, polyimide resin, polyamide resin, a liquid 
crystal polymer, a plastic waste, a waste tire, etc. are variety multiple use. After 
carbonizing these raw materials, although activation is carried out, an aktivationsmethode 
is divided roughly into gas activation and chemical activation. A gas activation method is 
also called physical activation to chemical activation being chemical activation, the 
catalytic reaction of the carbonized raw material is carried out to the oxidizing gas of a 
steam, carbon dioxide, oxygen, and others, etc. at an elevated temperature, and activated 
carbon is obtained. A chemical activation method is a method of making activation 
medicine ****(ing) uniformly in a raw material, heating in an inert gas atmosphere, and 
obtaining activated carbon by drying of medicine, and oxidation reaction. As a medicine 
used, there are zinc chloride, phosphoric acid, sodium phosphate, a calcium chloride, a 
potassium sulfide, a potassium hydrate, sodium hydroxide, potassium carbonate, sodium 
carbonate, sodium sulfate, potassium sulfate, calcium carbonate, etc. Although several 
kinds were raised above about the process of activated carbon, it does not ask in 
particular. Although the shape of activated carbon has various kinds of shape, such as 
crushing, a granulation, granulation, textiles, felt, textiles, and a sheet shaped, all can be 
used for this invention. The activated carbon obtained by the chemical activation using 
KOH among these activated carbon has especially preferred capacity from being in a 
large tendency compared with a steam activation article. In the case of the carbonaceous 
using KOH acquired by carrying out chemical activation, there are some which show 



specific surface area smaller than 300 m 2 /g by the raw material kind in front of activation 
and activation conditions, but since what shows among these comparatively high electric 
capacity exists, these can also be used as a positive electrode material. 
[0014]500-2500 ** of activated carbon after activation treatment is preferably heat- 
treated at 700-1500 ** under inert atmospheres, such as nitrogen, argon, helium, and a 
xenon, carbonaceous crystallinity may be developed and electron conductivity may be 
made to remove an unnecessary surface functional group or to increase. In the case of 
granular activated carbon, 30 micrometers or less of mean particle diameter are preferred 
in respect of improvement in the bulk density of an electrode, and reduction of internal 
resistance. 

[0015]The polarizable electrode which makes a carbonaceous material a subject 
comprises a carbonaceous material, and a conducting agent and a binder substance. A 
polarizable electrode can be fabricated by the method known conventionally. For 
example, after adding and mixing polytetrafluoroethylene, it is obtained by the mixture of 
a carbonaceous material and acetylene black by carrying out press forming to it. After 
mixing and molding a carbonaceous material and binder substances, such as a pitch, tar, 
and phenol resin, it heat-treats under an inert atmosphere and a sintered compact is 
obtained. It is also possible to sinter only activated carbon and to consider it as a 
polarizable electrode not using a conducting agent and a binder. Electrodes may be any of 
a thin coating film, a sheet shaped or tabular Plastic solid, and the tabular Plastic solid 
that consists of composites further. : 

[00 16] As a conducting agent used for a polarizable electrode, carbon black, such as 
acetylene black and Ketchen black, At least a kind of conducting agent chosen from the 
group which consists of metallic fibers, such as natural graphite, thermal expansion 
graphite, carbon fiber, ruthenium oxide, titanium oxide, aluminum, and nickel, is 
preferred. When acetylene black and especially Ketchen black are preferred, for example, 
a carbonaceous material is activated carbon, at the point whose conductivity improves 
effectively in a small quantity the loadings with activated carbon, since the rate of 
activated carbon will decrease and capacity will decrease, if too large, although it 
changes with bulk density of activated carbon - the weight of activated carbon - it is 
especially [ about 10 to 30% of] desirable 5 to 50%. 

[00 17] As a binder substance, polytetrafluoroethylene, polyvinylidene fluoride, It is 
preferred to use at least one or more kinds in carboxymethyl cellulose, fluoro olefine 
copolymer crosslinked polymer, polyvinyl alcohol, polyacrylic acid, polyimide, a 
petroleum pitch, a coal pitch, and phenol resin. Although a charge collector should be 
electrochemically and chemically corrosion-resistant just and it does not limit in 
particular, there are stainless steel, aluminum, titanium, and tantalum in an anode, and 
stainless steel, nickel, copper, etc. are suitably used with a negative electrode, for 
example. 

[00 18] An electrolysis solution is used as a nonaqueous electolyte, and the electrolyte of 
an electrolysis solution uses lithium salt whose cation is a lithium ion. Lithium salt, 
LiBF 4 , LiC10 4 , LiPF 6 , LiSbF 6 , LiAsF 6 , LiCF 3 S0 3 , LiC(CF 3 S0 2 ) 3 , LiB(C 6 H 5 ) 4 , 
LiC 4 F 9 S0 3 , LiC 8 Fi 7 S0 3 , LiB(C 6 H 5 ) 4 , LiN(CF 3 S0 2 ) 2 , etc. are illustrated, In particular, 
LiBF 4 from the point of electric conductivity and stability, LiC10 4 , LiPFe, and LiSbF 6 are 
preferred as lithium salt. L. is preferred in 0.3-2.7 mol /, by the concentration of 0.7 
mol/1. or more, electric high conductivity is obtained especially, and the concentration in 



the nonaqueous electolyte of these lithium salt is preferred so that the characteristic of an 
electrical double layer capacitor can be pulled out enough. Although the solvent in 
particular of a nonaqueous electolyte is not limited, propylene carbonate, Ethylene 
carbonate, butylene carbonate, dimethyl carbonate, 1 chosen from methylethyl carbonate, 
diethyl carbonate, sulfolane, methyl sulfolane, gamma-butyrolactone, gamma- 
valerolactone, N-methyl oxazolidinone, dimethyl sulfoxide, and trimethyl sulfoxide The 
organic solvent which consists beyond of a kind is preferred. From a point to the 
propylene carbonate which is electrochemical and is excellent in chemical stability and 
electrical conductivity. One or more kinds of especially organic solvents chosen from 
ethylene carbonate, butylene carbonate, dimethyl carbonate, methylethyl carbonate, 
diethyl carbonate, sulfolane, methyl sulfolane, and gamma-butyrolactone are preferred. 
As for the moisture in a nonaqueous electolyte, 200 ppm or less and 50 more ppm or less 
are preferred so that high withstand voltage may be obtained. 

[0019]The charges of a principal member of a negative electrode should just be occlusion 
(deposit) and a substance from which it is desorbed reversibly about a lithium ion, Metal 
lithium from the point which shows **** potential, a lithium aluminum alloy, At least 
one or more substances chosen from the alloy containing lithium, such as a lithium 
Magnesium alloy and a Wood metal, and the substance in which the lithium ion carried 
out occlusion of the lithium ion to occlusion and the substance from which it can be 
desorbed beforehand reversibly are used. Inorganic substances, such as a carbonaceous 
material or titanium disulfide, arid molybdenum disulfide, have a reversibly preferred 
lithium ion from the point of electrochemical stability and conductivity as occlusion and 
a substance from which it can be desorbed. In particular, on a lithium ion reversible 
target, like lithium alloys, such as metal lithium and a lithium aluminum alloy, since a 
lithium ion does not deposit in a surface of metal at the time of occlusion (dendrite 
generation), occlusion and the carbonaceous material from which it can be desorbed are 
excellent in a cycle characteristic, and preferred. 

[0020] A lithium ion reversibly as occlusion and a carbonaceous material from which it 
can be desorbed, Coal and petroleum system pitch coke, the textiles that carried out 
spinning of the tar pitch, Carbon aerogel, synthetic macromolecule, phenol resin, furan 
resin, polyvinyl chloride resin, Polyvinylidene chloride resin, polyimide resin, polyamide 
resin, a liquid crystal polymer, wood and ** — the thermally treated material, natural 
graphite, the artificial graphite, the meso carbon black lead ghost, and graphitization 
microfilament under the inert atmosphere of **, coconut husks, pulping waste liquor, a 
coffee residue, a plastic waste, a waste tire, an easily-graphitized-carbon raw material, 
etc. can be used deeply. Not less than 99% of the purity of these carbonaceous materials 
is desirable. Metal or metallic oxides, such as tin oxide, metal tin, aluminum, and 
ruthenium oxide, may be added to this carbonaceous material, and the efficiency of 
conductivity, and the occlusion and desorption of lithium may be raised. 
[0021]At 800 ** - 1500 ** of coal and petroleum system pitch coke of these 
carbonaceous materials, thermally treated material, The thermally treated material in 800 
**-1300 **of phenol resin and furan resin, the graphitization thing in 2300 ** - 3000 
** of meso carbon, an artificial graphite, and natural graphite have a greatly preferred 
occlusion amount of a lithium ion. A meso carbon black lead ghost and an artificial 
graphite run in the charge and discharge of a negative electrode especially in a field 
(0.05V - 0.20 V pair Li/Li) very **** in negative-electrode potential, and since an 



electrical change becomes flat, as for it, withstand voltage is stabilized and it is especially 
preferred. Spacing doo2 which a meso carbon black lead ghost and an artificial graphite 
have the developed crystallinity, and is measured by an X diffraction is below 0.337 nm, 
and the size Lc of a crystal grain child's c shaft orientations is not less than 20 nm. 
[0022] As for occlusion and the carbonaceous material from which it can be desorbed, a 
lithium ion uses reversibly the powder whose mean particle diameter is 3-40 
micrometers. About this carbonaceous powder, they are binder substances, such as 
polyvinylidene fluoride, 0.5 It adds 10% of the weight from weight %, and a negative 
electrode with small internal resistance is obtained mixing and by molding. Although the 
method to which a lithium ion carries out occlusion of the lithium beforehand reversibly 
to occlusion and the carbonaceous material from which it can be desorbed does not ask 
any of an electrochemical technique or a chemical method, there are the following 
methods, for example. A working pole and metal lithium are charged for the electrode 
which molded this carbonaceous material into the electrolysis solution containing lithium 
salt as a counter electrode, or occlusion of the lithium ion is electrochemically carried out 
by short-circuiting carbonaceous electrodes and metal lithium to these carbonaceous 
electrodes. After adding lithium aluminum alloy powder or lithium powder to the method 
and carbonaceous electrodes which are immersed into a nonaqueous electolyte and 
warmed as other lithium ion occlusion methods after sticking lithium foil on these 
carbonaceous electrodes, there is molding etc., but. It is desirable from the ability for the 
method of carrying out occlusion of the lithium ion electrochemically to the above- 
mentioned carbonaceous electrodes to carry out occlusion of the lithium ion to 
carbonaceous in a short time, and control an occlusion amount arbitrarily compared with 
other methods. The negative-electrode potential of an electrical double layer capacitor 
advances by 0.05V-0.20V (pair Li/Li) at the time of charge and discharge, and it is 
obtained by high withstand voltage being stabilized as an electrical change is flat, and is 
desirable. Therefore, at the time of the charge and discharge of a capacitor, it is necessary 
to carry out occlusion of the lithium ion to carbonaceous electrodes so that **** potential 
and a flat electrical change may be shown. The amount of lithium ions which can carry 
out occlusion of the negative electrode is equivalent to addition quantity of electricity 
[coulomb] when discharge charge is carried out with the current density below 0.001 
A/cm 2 . 

[0023]the occlusion amount of the lithium ion per unit weight of the carbonaceous 
material used for the negative electrode of this invention — a [coulomb/g]. the occlusion 
amount of the greatest lithium ion to which a deposit of metal lithium per unit weight of 
this carbonaceous material does not take place - b [coulomb/g]. It is c [coulomb] about 
the unipolar electric capacity [F] of an anode, and quantity of electricity which is a 
product of potential difference [V] after charge and discharge. When the amount of 
lithium ions which carried out occlusion beforehand into the electrode body of a negative 
electrode is set to d [coulomb], As for or more 0.20 0.99 or less and ratio c/d, 0.70 or less 
[ 0.10 or more ] are [ ratio a/b ] preferred. Ratio a/b may become unstable [ the electrical 
change of the negative electrode at the time of charge and discharge ] by less than 0.20, 
the withstand voltage of an electrical double layer capacitor may not be stabilized, and it 
is not desirable. If ratio c/d becomes small and its energy density of an electrical double 
layer capacitor is larger than 0.70 undesirably at less than 0.10, rapid charge and 
discharge become difficult, a cycle characteristic falls, and it is not desirable. 



[0024] 

[Example]Hereafter, this invention is not limited by the following examples although a 
concrete example explains this invention. 

[Work example l]the phenol resin system activated carbon powder (specific surface area 
1920m 2 /g.) produced by carrying out KOH activation treatment After kneading the 
mixture which consists of 80 % of the weight of mean particle diameter of 8 micrometers, 
10 % of the weight of acetylene black, and 10 % of the weight of 

polytetrafluoroethylenes, application-of-pressure molding was carried out by the pressure 
of 50kgf/cm 2 , and the disc-like molding body (10 mm in diameter and 0.5 mm in 
thickness) was obtained. This molding body was dried at 300 ** among the vacuum of 
0.1 or less torr for 3 hours, it was considered as the electrode body of the anode, and this 
was pasted up on the central part of the inner bottom of the coin cell made from the 
stainless steel 3 16L. Next, the sheet of 0.1-mm-thick metal lithium was pierced in a circle 
10 mm in diameter, and this was made into the negative electrode. After putting the 
separator made from polyethylene between the anode and negative electrode which were 
produced and making two poles counter, the solution of ethylene carbonate containing 
UBF4 with a concentration of 1.2 mol/1. and propylene carbonate (volume ratio 7:3) was 
impregnated all over two poles. Then, caulking obturation of the coin cell was carried out 
using the insulating gasket made from polypropylene, and the top cover of the coin cell 
made from stainless steel 304. With the lead, it connected for 10 minutes and the anode 
and negative electrode of the coin cell which were obtained were short-circuited. Then, 
the voltmeter was connected and measured between the anode (activated carbon 
electrode) and the negative electrode (metal lithium). The rest potential of the anode was 
2.1 IV (pair Li/Li"**). The electric capacity for which it was discharged and asked to 2.10V 
by 1.16-mA constant current after impressing the voltage of 4.3 V to the obtained 
electrical double layer capacitor under a room temperature for 1 hour was 3.68F, and the 
energy density was 8.9J. In the following examples and comparative examples, unipolar 
capacity of an anode used for the calculation of quantity of electricity c [coulomb] which 
is the unipolar electric capacity [F] of an anode and a product of potential difference [V] 
after charge and discharge is set to 3.68 [F]. As for a gasket and 4, in drawing 1, the case 
of the container made from stainless steel and 2 are [ a negative electrode and 6 ] the top 
covers of a stainless steel container a separator and 5 an anode and 3 1. 
[0025] 

[Work example 2] The same electrical double layer capacitor as Example 1 was 
constituted except having connected for 1 hour and having short-circuited the anode and 
negative electrode of the coin cell with the lead. The rest potential of the anode was 
1.62V (pair Li/Li + ). The electric capacity for which it was discharged and asked to L60V 
by 1.16-mA constant current after impressing the voltage of 4.3 V to the obtained 
electrical double layer capacitor under a room temperature for 1 hour was 3.40F, and the 
energy density was 12.4 J. 
[0026] 

[Work example 3]The same electrical double layer capacitor as Example 1 was 
constituted except having used the electrode which makes a subject the artificial graphite 
which carried out occlusion of the lithium ion to the negative electrode, and not 
performing the short circuit between anode-negative electrodes. Below, the 
manufacturing method of a negative electrode is described. Artificial-graphite powder 



whose occlusion amount b of the greatest lithium ion to which a deposit of metal lithium 
per unit weight does not take place is about 1300 [a coulomb/g] as a charge of a principal 
member of a negative electrode (SFG-15 by TIMCAL and 99.9% of purity) After 
carrying out weight addition of the N-methyl pyrrolidone 3 times to the mixture which 
becomes 90 % of the weight of 6-micrometer mean particle diameter from 10 % of the 
weight of polyvinylidene fluorides, the slurry which obtained this by fully kneading it in 
the mortar was applied on the foil of the stainless steel 3 16L. After drying this at 150 ** 
for 2 hours, it moved to the glove box of argon atmosphere, and this coating film was 
pierced in a disk 13 mm in diameter. The thickness of the black lead coating film except 
the thickness of stainless steel foil was abbreviation 100 mum, and the weight of the 
artificial-graphite powder in this black lead coating film disk was 17 mg. After making 
the separator made from polyethylene put and counter between metal lithium about 0.5 
mm thick at a black lead coating film disk and 13 mm in diameter in a glove box, the 
stainless plate was stuck to the outside of a black lead coating film disk and metal lithium 
by pressure as a charge collector. It put with the Teflon board which has four boltholes of 
two 5-mrn thickness from the outside most, and the open cell was assembled so that the 
electrode of a charge collector, a separator, and positive and negative poles might often 
contact. The solution of the ethylene carbonate which contains LiBF 4 with a 
concentration of 1.2 mol/1. in this open cell, and propylene carbonate (volume ratio 7:3) 
was impregnated. Next, the black lead coating film electrode was used as the negative 
electrode, and 0.66 mA of constant current was energized by using a lithium foil 
electrode as an anode for 7.5 hours. The potential of the black lead coating film electrode 
after energization was 0.05V (pair Li/Li + ). Ratio b/a was 0.81. The open cell was 
decomposed after energization and the black lead coating film disk was removed from 
the charge collector. 

[0027]Next, it decomposed in the glove box under argon atmosphere, and only the 
activated carbon electrode took out the coin cell which set to 2.10V rest potential of the 
anode produced completely like claim 1. The taken-out activated carbon electrode is 
installed in the inner bottom of the coin cell made from the stainless steel 3 16L, After 
putting the separator made from polyethylene and making two poles counter between the 
above-mentioned black lead spreading disc electrodes, the solution of ethylene carbonate 
containing LiBF 4 with a concentration of 1.2 mol/1. and propylene carbonate (volume 
ratio 7:3) was impregnated all over two poles. Then, caulking obturation of the coin cell 
was carried out using the insulating gasket made from polypropylene, and the top cover 
of the coin cell made from stainless steel 304. The electric capacity for which it was 
discharged and asked to 2.10V by 1.16-mA constant current after impressing the voltage 
of 4.3 V to the obtained electrical double layer capacitor under a room temperature for 1 
hour was 3.71F, and the energy density was 9.0J. Ratio c/d was 0.46. Next, in order to 
evaluate the long term reliability of the electrical double layer capacitor under voltage 
impressing conditions, it is the voltage of 4.3 V in a 45 ** thermostat about this capacitor 
500 The rate of change in the energy density after carrying out time impression was - 
35%. 
[0028] 

[Work example 4]The same electrical double layer capacitor as Example 3 was 
constituted except having impressed the voltage of 4.0 V under the room temperature for 
1 hour. The electric capacity discharged and calculated to 2.10V by 1.16-mA constant 



current was 3.74F, and the energy density was 6.8 J. Ratio c/d was 0.40. In a 45 ** 
thermostat, it is the voltage of 4.0 V 500 The rate of change in the energy density after 
carrying out time impression was -15%. 
[0029] 

[Comparative example 1] in Example 1 ~ the anode of a coin cell, and a negative 
electrode — simplistic — the same electrical double layer capacitor as Example 1 was 
constituted except not adjusting rest potential of the anode to twist. The rest potential of 
the anode was 3.05V (pair Li/Li*). The electric capacity for which it was discharged and 
asked to 3.00V by 1.16-mA constant current after impressing the voltage of 4.3 V to the 
obtained electrical double layer capacitor under a room temperature for 1 hour was 3.60F, 
and the energy density was 3.0 J. The rate of change in the energy density after 
impressing the voltage of 4.3 V in a 45 ** thermostat for 500 hours was -40%. 
[0030] 

[Comparative example 2] In Example 3, the same electrical double layer capacitor as 
Example 3 was constituted except not having performed occlusion processing of the 
lithium ion to the black lead coating film electrode in the inside of an open cell (ratio a/b 
is 0). Although the voltage of 4.0 V was impressed to this electrical double layer 
capacitor under the room temperature, voltage began to descend about 5 minutes 
afterward, and fixed voltage was not able to be held. Then, fixed voltage was not able to 
be held, although the same electrical double layer capacitor was produced and 3.8 V was 
impressed under the room temperature. Since disassembly of the electrolysis solution 
arose, this is considered. The coin cell had also swollen. 
[0031] 

[Comparative example 3] After producing the same electrical double layer capacitor as 
the comparative example 2 and impressing the voltage of 3.5 V under a room temperature 
for 1 hour, the electric capacity discharged and calculated to 2.10V by 1.16-mA constant 
current was 1.69F, and the energy density was 1.7J. 

[Comparative example 4] Like the method of molding a positive electrode which showed 
the phenol resin system activated carbon powder (specific surface area 1920m 2 /g, mean- 
particle-diameter 8 mum) produced by carrying out KOH activation treatment by claim 1, 
two activated carbon molding bodies are produced and it is this at inside of vacuum of 
0.1 or less torr, and 300 ** 3 Time desiccation was carried out. The obtained molding 
body of two sheets was used as the electrode of positive and negative poles, and two 
poles were impregnated in the propylene carbonate solution of tetraethylammonium 
tetrafluoroborate of 1.0-mol [/l. ] concentration, and the same coin cell as claim 1 was 
assembled. The electric capacity for which it was discharged and asked to 0.5 V by 1.16- 
mA constant current under the room temperature after impressing the voltage of 2.8 V to 
the obtained electrical double layer capacitor for 1 hour was 1.78F, and the energy 
density was 4.7J. 



[Translation done.] 
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4ft, jt^c/d^o. io*#tTi±s *m~SJi^^ 

y tj, ^x^/pdf-afjS*»/hS < ft y 30F4 L ■< ft < . 

0 . 7 0 x y*£ ^fc^a^jjctt^fflitfc^y^-f 

[00 24] 

»v *^BJ{AWT^»t(?iJfc cfc DIRSe^ft*^. 
[^SffiPIl ] K O HKi^ll LT*# 7 x y-;uis 
BI.^«Kfn v * (Jb*imtl 9 2 0m2 /g. 



ffi 8 A£ m ) 80«*9 & . T-b ^ W > f y -y 7 10Mfi% s *f 
y x h 9 7 rt. -i-nx^V >1Q£*%*»4»& « m&tisZM 
mitim, 50kg f/cm^ <DffijTJHJE«a LTltglO 
nun , ff$0.5nmi ^RS-lt^jSiSfrarft^, £cDl£M*£: 

0. 1torr 3 0 0r-C3B*IBBe*t; 2E9 
f5«SB*fc <mSrX^->'l.X3 1 6LS3-{y-fe;l- 
^)rtS<7;4"ll^tS* L .ft: . JJct . 0 . 1mm CO-k 
^y^^AtfOv — hS: Hfg 1 0 m m<7)R^{cfT*>fe(, >T 
i^tfiSfc L-fto fNHtftiEffifcitffiWiafcdf 'Jxf- 
U- ySg-t/tL— ^ ^AfiLCT . MS tr** fa § itft fJL 

1. 2^/k/y •/ l-;l<7)vHg<7)L i BF 4 t-i-tfXf-lx 
y*-^-hi;7nb-l. y*-,f*-f (#Bttb7 : 
3) ^fitarMfficffc^ftLft, -tcofts >^yrotru 

/V^±M*rfflw>t, n^fyt/Hr^LfeSnU. '#ft 
=3-f y-fe.;l--OIEgfcft1SSr y-KISTlO-^P^fggLTffl 

^«ffi«2.11V («Li /Li* ) T&oft. »ftm 
EPJP L-ftm . 1 - 16mA05t*»KT2 . 10 V £ XHfrM LX Wttb 

tiwmmmt 3 . 6 s f x*& y . x^;p^-^mi s . 
wmffiwtM^A [f] fc5fefifem^menc v] «i 

ffi^*^3. 6 8[ F] tt&, UltfeV^T. 1{±X 
fyl^Xl-fHo^-X. 2{iIEffi- 3(i^ - Xir-/h, 

t:' 

[0025] 

[ 2 ] 34 >--fe /^iffit mn* y - K«T 1 Ht 
IHIJH*LT»»3-ttfcJ5UW*. ^MIPJ 1 1 iw«^mz 
«|^^^7-S:flr^Lft. IE1l<7)@M«{fi{il.62V 

(ML i/L i * ) X'hitz* jltetOI*^^ 
S?flTT"4.3 VCO^JE^ 1 B^ralEPJn Lftf^ s 1. 
16«A«0S3Km . 60V 4 TM LT^ftff 
3. 4 0Ftfe l )>iW-S«{i. 12. 4J-C& 
-pft. 

[0026] 

[^Sfif?'J3] HSfc. y^-^A4^>*PR*§-iirftA3t 

^« y f-^ Ao*f c ^^v>ft±<5D y -f-^AW *y 

<0©«atb*t»l 3 0 0[ ?-ny/g) t'^l>A5tH 
f n l fe v ( T I MC AL-ttMS F G— 1 5 . *t^99.9?b\ T 
i^&li 6 jm m ) 9 0 IfiJbt^ y 7 -y -ft fx «J > l 0 
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(7) 



1-2 97 5 78 



tzXy U-Sr. Xf>'WX3 1 6 LfO?I±t^flJL^, 
<Iil£ , 1 50'CT" 2 BfRBfaS L^flL 7/t-=f >-#!HMO 
^a-7"jK -y ?X'v?# L KSKBKSrlig 1 3 ramOR 

^fcfr^v*^, xr>-uxm<7M2 zmvrfzBM&mm 

mmm^MAin 7mgx%-ofz» fv—ytfy? 
x^x\ mMmmmpu&tmmi 3mmtf§©o. 5 

mm^I V j-y M.cr>miztf l> x-7-V > f£<o-fe.Kt,— ^ 

^>«c. mm*, wis— 9^ lEM.mnmm&xKimkt 

h i 3 tc . — ##M*» & 2 ftc7)» £ 5 m<7). 4 flOtfVU }- 

k±XtZo ZCDX~7°>-£>lt,Z 1 . 2^)1/ V -y MUD 
?JftS?) LiBF, Sr-a-tfX^ k }-» 7^0 b° 
h (*«Jfc7 : 3) Life. 

LT . 0 . 6 6raAOj6«8i£7. SBSISKKUfc. jI 
m^HiS^ffi^mffi^m&fi, 0.05V (JfLi/Li 
+ ) Th-o1Z. Jt¥b/afi.\ 0. 8 1ti5-5)t, 511 
f*. r>-fe/U£#ii?t/t. Mgtttliltf I l&*fttt* 

[ 0 0 2 7 ] &t=, tiffin t-£<mmiz{mLtzsEm 

iRoasL/s. ixotn ttim^smmix^yux 3 1 e 
A^rat^y xf-i^M-feyu— * &m&&/irem& 

*Mft%-&z^ 1 . 2*)l>/\) >y WK^IKOL i B 

~b <mt&7 ■ 3) comm^mm^z-tm vtz . z<r> 

tki #V rn t° ^ >m?>&W:*fx irvhtx-f- > VX 3. 

4.3 ViD«J±^lBfp B iepjPL^m. 1.16«AO^«8S-C2. 
10V 4 TMW. LX$#>t$mm*li'3 • 7 1 F X'h 9 . 
X*/t^'-^.SU:9. 0 J T'fo £>fe. ib^c/d 
ti, 0. 4 6T|>ofc t &(C S «EW!ai^TTOl^ 

$Mr/tS^— £4 5°Ccr>WMM'PX\ 4.3V«O«ESr500 
[00 28] 

Wis «»J3 1 is^m^-*** * j ^$-%mfc 
ifz* 1. i6«A«^«arc2.iovi-cik* i/t$tt>fcmi 

SJWi 3 . 7 4 F 0 . x * 6 . 8 J X" 

h^iz. £tz. Jt^c/d{i s 0. 4 0t|)-ofc, 4 5 
'C^'iiatfi^T'-. 4.0 VO«J±Sr500 BSfflWtlPL/igKO 



[0029] 

[ jfc«M 1 ] mm 1 fcb v »t . 3 -f >"fe zi'OiEffi k m 

.^L^c jEte7)iM«{iU3.05V (MLi/'Li* ) f 

V<0«EESr l B*H6RJn Lfcft, 1. 16nA«®KSrC3.00V 

4 T-ife€ L TftoJtilifii 3 . 6 0 F D . x^ 

>u*?-mmA3. 0 j x-h-itz. 4 5r.oii^»ttJf\ 

4.3 V^mffia: 5 0 Ol^iaEpjiiL ^f^x.^^— ^ 

vmLmi - 4 0 o ?t . 

[0030] 

imm2] mmmiztevix. ^--ry^wpx-^m 

v\"^-(cM*STT4.0 Vco«£E*E[JjDL/i^\ 

mzmmmTiu t^x — ^mfE^fiy*^-* ct^T- 

f^MLT. S«TT. 3.8 VSrEpjnL^. -^Hffi^ 

tfztzfr h^jLtoixh, a 4 y^A-^^ixx 1 . 
[003 1] 

[Jt3£M3 ] J:bf5W2 .h[SI«^«MrMii^^.n^^- 
H^RL. MSTT'3.5 Vco«E^iHSBlBiJnLfe^ 
1. 16mA^m^T2. 10 V 4 T'M LT^)3t#«^*Ji 

I . 6 9 F T*> 0 . zc^^-mmii 1 . 7 J o 

tmmi4 ] k o HKs^a Lxn^titz? x 

Bl^Stt^* (Mill 9 2 0m! /g . rte? 
fS8 m ) SrltSSJfl 1 T'5f; LfciEffi€ffic73i^Mffik 
(CLT. MttK^Sfls*2tfcft«L > C^^O.lton- J^. 
TO^+. 300 "CT3 BtHSaftLfe. flfc 2 tfc«0rtSH 
f*t*iEaffi<o«ffik . O^E/k/U «y h./Hft« 

co-r 1- 7Xf;i-7 -<) Af J- 7 7./l-xto d-rv— h co 

mwyjj-tf^- vrnkmrnrnz^mLx , mmm. 

I I mute =? -f >-fe./w *■ m.&iLX fz <, #fcmMrss^ 

•VVt>^-fc N SfiT-Cs 2.S Vi7)mi±?r lPt^EpJllL 
?tf*. 1. 16mA«0j£««?a. 5 ■ V £ XlftM LX^tztm 
m&ii 1 . 7 8 F X'fo 0 , i*A^-fS(i 4 . 7 J T- 
hryfz. 

[01 ] *J6W^«WfcWCfflv^3-r >M-fe;ioiPJHl 

T"S>-i»o 

[W^faHg] 

1 xfvvxiillw^-^ 

2 IE-tI 

3 ti**rv\> 
4 

5 MM 
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